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In recent years, Georgia has experienced record-
breaking spring and summer droughts. Increasing popula¬
tion and urbanization have also created concern about
the availability of water, especially for residential use.
Several steps have been taken to address this problem,
including voluntary and mandatory restrictions on water
use. Politicians and engineers have argued that the
construction of "reregulation" dams was the most feasible
solution.
The premise of this study is that future water supply
problems are primarily economic. It analyses the demand
characteristics of Georgia's residential water market.
A theoretical model was developed using price, income,
value of residence, percent of white population, age.
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percent of rural population, and percent of owner-occupied
housing units as independent variables and quantity of
water demanded as the dependent variable. The parameters
of the model was estimated using ordinary least squares
regression techniques.
The results of this study show that the price of
water can be used to adjust the quantity demanded during
periods of high demand or low supply. In other words,
before expensive construction which may necessitate a price
rise is undertaken, the effect of price changes on demand
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Water is one of several resources without which the
fundamental wants of a society cannot be satisfied. It
is a commodity which is essential for life. In the past,
water was relatively abundant to the point that it was
available in almost unlimited quantity at prices which
understated its value. Over the years, however, there has
been increasing concern about the availability of water,
especially for residential consumption. As with other
uses of water, residential uses are increasing. Rapid
population growth, increasing urbanization, and increasing
per capita income have led to the increase. The water
shortages can also be attributed to the following:^
1) Insufficient capacities of storage and distribution
systems to meet peak demands;
2) Deterioration in the quality of the source of
supply;
3) Delays in planning, construction and operation of
major water supply projects; and
4) Wasteful use of the available supply.
^National Water Commission, Water Policies for the
Future (Port Washington, New York: Water Information
Center, Inc., 1973), p. 165.
-1-
-2-
Meeting this increasing demand is a complex problem
which require the cooperation of various jurisdictions.
It would require the most beneficial management of the
existing supplies, the development of new supplies, as well
as the preservation of the quality of existing supplies.
In recent years, much attention have been placed at
the theoretical level on investment and pricing decisions
of public utilities.2 Increases in demand, inadequate
supply and the increasing costs of large supplies have
directed attention to the possibility of using pricing
mechanisms to regulate demand, as opposed to increasing
supplies to meet these demands. The pricing mechanism is
said to be powerful and is a remarkably effective way of
allocating the limited supply of usable water among users.
Many utilities are faced with the problem of extreme
variations in water demand resulting from seasonal and
daily peaks in water use. Consequently, they must face
the problem of providing sufficient output to meet these
demands. They must also establish pricing policies to
regulate these demands and establish rate schedules which
conform to the community's standard of fairness.^ By
^Robert L. Green, Guidelines for Investment and Pricing
Decisions of Municipally Owned Water Utilities (Athens,
Georgia: University of Georgia, 1970), p. 1.
^Ibid., p. 42.
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charging a price for water and water-related services, the
scarce water resource will be shifted to its most productive
uses, where it has maximum utility for society.
Though other measures are taken to provide incentives
for better use of the supply of water, the pricing mechanism
is more effective and comprehensive. It ensures that the
value of the service is equal to the cost of the service.
Problem Statement
In Georgia, water is currently the most critical
natural resource and a shortage might be in the near future
unless steps are taken to increase its supply and/or restrict
its use. One of the major drainage divides in the United
States is located in Georgia. Because of this, rivers that
form the northern portion of the state result in small
streams with low flows, especially in drought periods.
These streams, etc., originate within the state's boundaries
and represent the major source of water supply for popula¬
tion centers which are located in the northern portion of
the state. Studies have shown that these surface water
sources provide approximately 80 percent of the public
residential water supply for Georgia.'^
^James E. Kundell, ed., Georgia Water Resources; Issues
and Options (Athens, Georgia: University of Georgia, 1980),
pp. 32 and 34. Also see Atlanta Regional Commission, Atlanta
Region Water Resources Data Summary, Atlanta, 1987, p. 30.
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Below the fall line, in the southern portion of the
state, groundwater serves as a major source of water
supply. However, because of the high mineral content and
limited quantity of groundwater, water needs must be
provided from surface water.^
In response to the increasing demand for the limited
water resources, the Georgia General Assembly passed the
following Acts:®
1) Ground Water Use Act (1972) - authorizes the
state's Environmental Protection Division to
allocate groundwater and issue permits for
withdrawals and utilization in excess of 100,000
gallons per day. This does not include agricul¬
tural users.
2) Surface Water Management Act (1977) - this amend¬
ment to the Georgia Quality Control Act of 1962
requires a permit from the Environmental Protection
Division for any withdrawal or impoundment of over
100,000 gallons of water per day on a monthly
average from surface water sources.
In recent years, Georgia has experienced record-
breaking spring and summer droughts. These resulted in
moratorium being placed on building developments (in
certain areas), as well as voluntary and mandatory restric¬
tions on water use.^ It also resulted in the passage of
^Kundell, Georgia Water Resources, p. 32-34.
®Ibid., p. 33.
^Bill Shipp, "The Coming Crisis of Quenching Atlanta's
Thirst," The Atlanta Journal and Constitution, 25 May 1986,
p. IE.
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the "Georgia Water Conservation Act" in 1978. The Act
requires that after July 1, 1980, all new construction and
renovation must use water-saving devices.® In addition to
these, the following conservation and pricing policies have
been adopted:^
1) Publicity and education;
2) Water and sewer rate levels which reflect the cost
of providing the service; and
3) Any cost savings to a water and sewer utility in
serving large volume users should be reflected in
a rate structure that does not encourage increase
usage.
Estimates from an Atlanta Regional Commission's study
revealed that these devices could serve as an effective
means of reducing the level of residential consumption.
However, failure to comply with these measures or take
immediate actions to make more water available would
make these restrictions common, whether or not we are
experiencing a drought.
Not all areas are accessible to water supply; hence,
in areas where water supply is not readily available,
reservoirs have to be constructed or they must depend on
neighboring communities to supply their needs. These
reservoirs are sufficient to ensure that water is available
®Kundell, Georgia Water Resources, p. 33.
^Atlanta Regional Commission, Water Pricing and Water
Conservation; An Evaluation of Alternative Rate Structures,
Atlanta, Georgia, 1980, p. 2.
-6-
at all times. Peak-load users of water create high short¬
term demand that often require expensive investment in
equipment and other production costs. Unfortunately, these
users are not called upon to pay for these added expendi¬
tures and this results in overinvestment by water utility.^®
Overinvestment in plant and equipment occurs when utilities
attempt to provide adequate water to meet daily and seasonal
peaks.
In Georgia, like in other states, the focus of water
demand and investment decisions have been delegated to those
in the political and engineering fields and not to those in
the economic field.As a result, possible solution to
the problem have been directed towards increasing supplies
to meet the demand rather than the establishment of a rela¬
tionship aimed at setting rates consistent with the criteria
of economic efficiency.
Investigations have seldom been concerned with factors
that influence the demand for water services by major user
classes. To our knowledge, this is the first study at the
^^Michael R. Greenberg and Robert M. Hordon, Water
Supply Planning; A Case Study and Systems Analysis (New




academic level which examines the demand characteristics
of Georgia residential water market at the county level.
The policy of supplying water without regard to cost
needs to be reappraised. Future water supply problems
are primarily economic and pricing can used as tool to
allocate water in such a manner that maximizes the benefits
of the society.
This study utilizes the theory of the household to
derive a model for residential water demand. The para¬
meters of model are estimated using ordinary least squares
regression techniques. The results will be used to
evaluate the extent to which the independent variables
influence the demand for water. The primary hypothesis
of this study is that the quantity of water demanded is
affected by its price and the income of consumers.
Objectives
The purpose of this study is to identify factors that
influence the residential demand for water in Georgia. It
also establishes a relationship between these factors and
water demand and estimates the responsiveness of the demand
for water to these factors. It attempts to answer some
general questions related to the residential demand for
water in Georgia. More specifically, the objectives are:
1) To identify and evaluate the effects of selected
factors on residential demand for water in Georgia
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2) To statistically estimate price and income elastic¬
ities of water demand. Is demand for water in
Georgia, relatively responsive to price and income
changes; and
3) To examine the explanatory power of other economic
and demographic variables considered important
determinants for water demand.
Limitations
Water serves many functions to residential customers.
It may be consumed both inside and outside of the house
for such purposes as bathing, drinking, and lawn watering.
Many factors influence the quantity of water demand for
residential purposes; however, in this study, no attempt
will be made to distinguish between the variables with
respect to inside and outside uses.
CHAPTER II
LITERATURE SURVEY
In the light of severe water supply problems experi¬
enced by many communities over the years, a series of
studies have been conducted on water demand and the factors
that influence it. Only a few of these studies, however,
focused on the residential demand for water, some of which
will be discussed in this chapter.
Lack of adequate data on water consumption, differences
in billing periods and pricing policies, the absence of
state-wide economic policies on residential water demand,
and the absence of a management program which incorporates
major users into the system can be attributed to the serious
shortage of literature in the area. These limited studies,
however, have made significant contribution with respect to
financial feasibility, cost-benefit analysis, and restric¬
tions pertaining to water transfer.
In a study on economic, technological, and policy
implications (federal and local) of water problems and
water supply decision, Hirshleifer, Dehaver, and Milliman




The general tendency has been to consider a dam or
an aqueduct construction as the only solution to obtaining
a net increase in water supply. Because most of such
decisions are undertaken prematurely, overinvestment in
water supply facilities often exist. As a result, these
facilities are idle, put to make shift uses, or receive
low returns on the capital invested.
The authors review cases of Southern California and
New York where, as a result of overinvestment, water
utilities were forced to charge prices far below the
average cost rather than let these enormous capacities
lie idle. This pattern of overinvestment resulted from
oversight of those in authority.
Studies have shown that demand is responsive to price
and that the widely divergent price levels and structures
existing in different cities suggest that a schedule is
presently in effect. The possibility of adjusting prices,
however, does not occur to those authority.
The increase use metering may or may not be a better
alternative to new construction depending upon the time and
the local situation. The introduction of peak or seasonal
^Jack Hirshleifer, James C. Dehaver and Jerome W.
Milliman, "Water Supply: Economics, Technology and Policy"
in Pricing Theory in Action, ed. Donald S. Watson (Boston;
Houghton Mifflin Company, 1973), pp. 364-375.
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price (during periods of high demands--summer) does not
require special metering and seems clearly indicative as
an alternative to expensive new facilities, especially
when the demand on the system is brought about by peak or
seasonal load. The study suggests that though rationing
water use by raising prices across the board has its costs,
it is a cost which deserves proper analyses as an alterna¬
tive to increasing supply to meet the demand for water.
Hanke examines the demand side of the market for
water and presents an empirical analysis of the effects
of changing from a flat rate price structure to a metered
price structure.2 This is based on the experience of the
Boulder, Colorado area. This study refutes the generally
accepted hypothesis that:
Water meter will initially reduce the quantity
of water consumed, but their original impact
gradually diminish as consumers begin to consume
more water. This process continues until a new
equilibrium is reached at a level that approach
the original flat rate use.^
Prior to 1961, the water utility managers of Boulder,
Colorado relied exclusively on alterations in the city's
water supply to meet shortages caused by increased demands.




to look at the demand side of the market. So, in 1961,
water meters were universally installed and an incremental
commodity charge of thirty-five cents per thousand gallons
was adopted.
The analysis was based on time-series data for periods
before (1955-1961) and after (1962-1968) the installation.
Because data before the installation were available only
at the aggregate level, the data for individual consumers
had to be estimated (by subtracting commercial and indus¬
trial demands as well as public use and system leakages
from the total deliveries). Data for the period after
the installation were restricted to those metered routes
that were totally residential. This is because only
aggregate data by metered routes existed in most years
and therefore consumption for individual customers was
not available for the entire period. As a result of
this, only fourteen routes containing a total of 3,086
residential customers were used in the study. The problem
posed by this situation was that flat rate consumption was
calculated on an average for the entire city, whereas, the
metered consumption was calculated for the fourteen routes
within the city.
Residential water demands fitted two categories,
namely, sprinkling demand (external use) and domestic
(inside the house) demands. In his analysis of sprinkling
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consumption, the following variables were used: average
irrigable area per dwelling unit, monthly percent of day¬
light hours, mean monthly temperature, effective rainfall,
and empirical monthly crop coefficient for grass.
Table 1 shows that the sprinkling pattern was altered
by the installation of water meters. The general relation¬
ship between ideal and actual sprinkling is one in which
the actual sprinkling is greater than the ideal under flat
rates. This verifies that an increase in the amount charged
for water reduces the quantity demanded. It also implies
an increasing price elasticity over time as well as low
income elasticity in the periods after the installation
since incomes in the study area (Boulder) increased rapidly
afterwards.
The results of the analysis of domestic demands are
similar to those of the sprinkling demands. As in the case
of sprinkling demands, income elasticity was extremely low.
Domestic and sprinkling consumption are sharply reduced.
Upon the introduction of meters, people altered their
activities in response to a positive change in the price
of water. A high price elasticity for domestic use was
observed in this study as opposed to other studies in which
cross-sectional data on price-quantity relation for rising
price ranges were used.
-14-
TABLE 1
PERCENTAGE OF AVERAGE ACTUAL SPRINKLING












16, 18 128 78
37 175 72
53, 54 156 72
70, 71, 72 177 63
73, 75 175 97
74 175 102
76, 78 176 105
79 157 86
Source: Steve H. Hanke, "Demand for Water under Dynamic
Conditions" in Price Theory in Action, ed. Donald
S. Watson {Boston: Houghton Mifflin Company,
1973), p. 47.
The author concludes that not only have the quantities
of both domestic and sprinkling water demands been reduced
by the introduction of a commodity charge, but residential
consumption in the study area has remained at lower levels,
a result which substantiates the theory of demand. He,
therefore, recommends the incorporation of pricing policies
in forecasting models for effective planning and development
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of water resources if efficient investment decisions are
forthcoming. However, because price changes induce large
variation in water use pattern, emphasis should be placed
on the appropriate level and structure for residential
purposes.
Greenberg and Hordon were concerned with water supply
planning in a densely developed metropolitan region plagued
by political fragmentation. In addition to addressing the
inefficiencies and inequities caused by the fragmentation
of the water supply systems of Northern New Jersey, the
study also examined the possibility of using pricing as a
mechanism to control the increasing demand for water and as
a measure of the economic efficiency of the water network.'^
In this study, cost per million gallon was used to
estimate the cost of water. The model for the sixty-six
agency study area was based on eight independent variables
and one dependent variable thought to be associated with
the retail price of water. These were based on the several
hypotheses, including the following:
1) Agencies which control large safe yields would be
less vulnerable to problems resulting in expensive
adjustments of supply.
'^Michael R. Greenberg and Robert M. Hordon, Water
Supply Planning: A Case Study and Systems Analysis (New




2) Agencies owning large surface system would be
the least vulnerable components of the water
network.
3) Agencies that control large surpluses of water
would charge less than agencies that are vulner¬
able to shortages.
4) Private agencies would charge higher prices than
municipal agencies.
5) Agencies that experience high peak demands would
charge higher retail prices to recover their
added costs.
6) Agencies distributing water in densely developed
service areas incur lesser distribution cost than
their suburban counterparts.
All but three of these relationships were correlated
as hypothesized, suggesting that smaller agencies with
little or no water supply but with rapidly increasing
demands face the highest prices.
Three equations were used to test the impact of price
increases on residential demand in the Northeast New




QADM = 206 + 3.47V - 1.30P
QSSE - 3657 [BCWg - 0.6Rs)]^•" 0.930
B = [0.803D]"126
where,
QADM = In-house demands for metered customers;
V = Market value of property in 1963 dollars;
P = Price in cents per thousand gallons;
QSSE = Dry-season outside metered demands;
B = Irrigable area per dwelling unit in acres;
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D = Housing density in dwelling per acre;
Wg = Dry-season evaportranspiration; and
Rg = Dry-season effective rainfall.
The equations tested two approaches to reducing
demand by price increases. One approach increased the
retail price of every agency in the region to the same
level. The other approach increased all current residen¬
tial rates by a uniform amount. These were made opera¬
tional with a target price of $900/mg in the year 2000 by
converting this price into both alternatives. Because
these equations applied only to residential uses of metered
customers living in sewered areas and to be consistent
with the available data, estimates were made using 1970
as a base year for economic and demographic data and 1963
dollar value (these were later converted to 1974 dollars).
The results which are summarized in Table 2 show
that doubling the residential price of water reduces the
projected 269 mgd increased by 40 percent to between 153
to 160 mgd. It shows that even though the reductions
under the two approaches are similar, the geographical
distribution of the price increases and demand reductions
varies within the region.
Ware and North examine factors that affect the demand
for water by residential users in selected areas of
-18-
TABLE 2
SUMMARY OF ESTIMATED DEMANDS UNDER DIFFERENT





















































774 j 153 25 116
Source: Michael R. Greenberg and Robert M. Hordon, Water
Supply Planning: A Case Study and System Analysis
(New Brunswick, New Jersey: Center for Urban
Policy Research, 1976), p. 132.
Georgia.^ The study was based on the assumption that the
community's knowledge of relevant demand characteristics
would facilitate the prediction of the effect of economic
policies upon household water consumption. This would make
it possible to predict the effects of an increase in the
price of water upon cons\imption and upon revenue.
^James E. Ware and Roland M. North, "The Price and
Consumption of Water for Residential Use in Georgia,"
Research Paper No. 40, Atlanta, Georgia, October 1967, p. 1.
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A cross-sectional analysis of thirteen cities was
based on the hypothesis that:^
= f (P, I, N, V, T, SS, SP, C)
where,
= Quantity of water used/household/year;
P = Average price of water;
I = Family income;
N = Number of persons/household;
V = Value of residence;
T = State of household technology (number of baths,
dishwasher, disposals, etc.);
SS = Sprinkling system;
SP = Swimming pool; and
C = Climatic factors (temperature).
The result was a high partial correlation of price
and quantity demanded. The price elasticity of demand
was -0.68, indicating a negative relationship as well as
an inelastic demand for water.^
The primary objective of the study by Foster and
Beattie was to specify and estimate the parameters for a




in the United States.® The study was based on a previous
study by Louis Fourt which concluded that a general model
applicable to the entire United States was feasible. His
study utilized cross-sectional data in the following
models;^
1) Quantity of water delivered = f (price, number
of days of rainfall in June, July, and August,
average number of persons served per meter, and
total population served); and
2) Quantity of water delivered = f (price, per
capita income, and percentage of dwellings with
three or more units per dwelling).
Foster and Beattie study was based on the hypothesis
that water demand is invariant to city size among sub-
regions of the United States, therefore, cities of the
same characteristics could use estimates from this study
to determine the effects of alternative pricing policies
on demand.
The following single equation demand function was
used:
Q = f (P, Y, R, N)
®Henry S. Foster, Jr. and Bruce R. Beattie, "Urban
Residential Demand for Water in the United States,"





Q = Quantity of water demanded per household {i.e.,
per meter - 1,000 cubic feet per year);
P = Average water price (dollars per 1,000 cubic
feet);
Y = Median household income (dollars/year);
R = Precipitation (inches) during the defined growing
season; and
N = Average number of residents per meter.
This model hypothesized price in the exponential form
and all other explanatory variables in the power form.
Ordinary least squares was used to estimate the multiple
regression coefficients for the logarithmic transformation
of the equation. Observations for 218 cities were used.
The coefficient of determination was .545 and the coeffi¬
cients were as expected with a negative price coefficient
indicating the usual downward sloping price-quantity
relationship. A step-down F-test was used to test the
hypothesis that urban residential water demand is invariant
among city-size strata. The result for the regional model
proved to have a more significant effect than that of the
city-size with an F-value of 3.54 at the 5 percent level
of significance.
In the regionalized model, elasticity estimates for
arid regions were greater than the estimates of the wet
regions. Comparison of estimates of the regions used in
-22-
this study to those of other studies in the same region
were consistent and served to substantiate the wide
applicability of the generalized model.
Summary
This survey provides insight into the analytical
trend of the demand for water and serve to illustrate the
flavor of emerging literature supporting the use of market
price mechanisms. Many past studies of water demand have
been based on a requirement concept which assumes that
population and the type of industrial development deter¬
mine the quantity of water demanded as a function of
population growth and the type of development only. The
economic variables (price and income) were assumed to be
constant. Improvements in economies of scale offset the
existing relatively low rate of the inflation and as such
water utilities were able to keep prices low.^^
High rates of inflation in terms of the cost of water
production without corresponding increases in economies
of scale have made these assumptions inappropriate. Any
increases in system capacity based assumptions could
result in excess capacity if real water price increases
^^Ibid., p. 56.
^^Foster and Beattie, p. 43.
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or real income decreases, ceteris paribus. The nature
of these studies, however, results in discrepancies among
empirical estimates. They do, however, provide a basis
for an approach which attempts to model water use in terms
of identifying relevant explanatory variables.
Price elasticity of demand for water can be used as
an economic justification of the development of new water
facilities, or the expansion of existing facilities,
especially where the introduction of the new supply or
expansion of the existing supply entails higher costs
and prices.Table 3 presents a summary of research
results of these and other studies establishing price and
income elasticities of demand for water.
S. Bain, R. E. Caves, and J. Margolis, Northern
California Water Industry (Baltimore; The Johns Hopkins
University Press, 1966), p. 162.
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TABLE 3
ESTIMATED PRICE AND INCOME ELASTICITIES OF DEMAND
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*A11 studies are based on cross-sectional data.
CHAPTER III
THEORETICAL FRAMEWORK AND ESTIMATING MODEL
The residential demand for water is a problem of the
household which focuses on choosing levels of consumption
of goods and services so as to maximize a utility function
subject to a given constraint.^
In a two good market in which purchases of a household
are measured by X and Y, the problem is stated as:




Y = Another good;
U (X, Y) = The utility functions of X and Y;
^x' ^y " Prices of X and Y; and
I = Income level of household.
The utility function shows the household's choice
between a bundle of goods that yields a high utility and
one that yields a low utility. The budget constraint shows
^Michael D. Intriligator, Econometric Models, Tech¬
niques and Applications (Englewood Cliffs, New Jersey:
Prentice-Hall, Inc., 1978), p. 207.
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that the total expenditure of the goods consumed is equal
to total income. The consumer choice will, therefore,
be that of the bundle of goods that satisfies the budget
constraint and at the same time maximizes utility.
Figure 1 illustrates the derivation of the demand
curve for good X from the utility function, subject to
a budget constraint. The first graph shows the utility-
maximizing choices of X and Y as the price of good X falls.
The second graph, the demand curve, shows the effect of a
change in the price of good X on the quantity demanded.
Here other prices and income are held constant. The
mathematical form of the demand function for water can be
represented as follows:
X = Dx (Px. Py/ I)
The curve's position and shape also convey information
about the price elasticity of demand.
The concept of elasticity can be used to summarize
the effect of a change in one variable upon another.
Statistical estimates of the water demand function produce
quantitative relationship between prices and quantity,
as well as between variations in buyer's income and the
corresponding quantity purchased.^ Price elasticity







measures the response of changes in the quantity of water
demanded to changes in the price of water. Income elasti¬
city, on the other hand, measures the relationship between
income changes and quantity changes.
Most water utilities use average costs as oppose to
marginal costs in determining the price of water. The
principal in actual operation is for regulatory commissions
to establish rates at levels where they are equal to the
average cost plus ’’fair" profits.^ Average cost is the
cost per unit of output and marginal cost is the cost of
one more unit of output. The average cost and the marginal
cost issue is one that arises primarily in the context of
significant new capital expenditure.
Advocates of the average cost principal do so on the
basis of the following concepts:^
1) Average cost is believed to cover the entire
expenditure being undertaken and is said to be a
reliable criterion in terms of investment.
2) The society or customers expect water utilities to
provide services at the cheapest price (one that
covers the cost of production).
3) Customers are not required to pay more than the
actual cost of the supply.
^Ibid., p. 303.
^Unknown, "Rural Residential Water Demand in Kentucky:
An Econometric and Simulation Analysis" (Master thesis.
University of Kentucky, 1977), p. 16.
-29-
For some time, economists have been discussing and
arguing the merits of having public utility rates set so
that they would be equal to marginal costs. Marginal cost
pricing is viewed as an effective method of achieving
economic efficiency, i.e., the optimum allocation of
resources. Efficiency exists when the output of any
commodity, in this case water, in a society is at the
level where the marginal cost is equal to the marginal
benefits or where price is equal to marginal cost.^
Pricing Structures
Pricing can be used to provide revenue to recover the
cost of supply, allocate financial burden to direct benefi¬
ciaries, and provide incentives to ensure that the value
of water is at least equal to the cost, thus avoiding over¬
investment in water developments.
In a market economy, price determines the use made
of scarce resources. Price can be used to allocate water
while maximizing social welfare if the distribution of
income is considered appropriate by society. This can be
accomplished by supplying water at a price where the value
of the marginal unit of water is equal to the cost of that
^Watson, Pricing Theory, p. 303.
unit.
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The rationale for controlling water demand through
pricing is found in the concept of the diminishing utility
of the marginal unit of water.® This concept can be used
to construct the demand function for water. An individual
will pay a very high price for the first units of water he
receives, but when the consumption deemed necessary for
life is reached, he is willing to pay less and less for the
extra units of water he receives. In other words, as any
one user consumes more and more water, the value to him of
the last unit used becomes lower and lower. Those who use
water and yield a utility or value in excess of the cost of
the additional unit of water will use more and vice versa.
The marginal cost pricing structure shown in Figure 2
is based on the assumption that in the short-run, water
utilities produce that quantity for which price (P) is
equal to the short-run marginal cost (SMC]^).”^ Efficiency
exists at the point where price is equal to the marginal
cost. SMC]_ represents the supply function. It increases
gradually until full capacity is reached and then it
becomes vertical. The long-run marginal cost curve (LMCj^)
represents operations and capacity costs and increases
P-
®Greenberg and Hordon, Water Supply Planning, p. 121.





Source: Adapted from J. J. Wharford, "Water Requirements:
The Investment Decision in the Water Supply-
Industry," Manchester School of Economic and Social
Studies 34 (January 1966):97.
steadily. The equilibrium point will be where price is
equal to SMC]^ and LMC]^. However, as water supply becomes
insufficient or as demand increases beyond the equilibrium
point, new facilities are built or existing ones are
expanded. This point is represented by SMC2, the point
where benefits exceed marginal costs.
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Unlike most tangible commodities, but like most local
services, water system pricing exhibits wide and persistent
variation between adjoining or neighboring areas. These
variances are partly attributable to economies of scale
which inverts the relationship between capital charges per
unit (plant valuation per gallon of water produced) and
the size of the water facility. It may also be induced
by differential cost of water drawn from wells, springs,
or rivers; by differential treatment of purification
practiced; and by varied expense in distribution.^
By establishing a different set of prices for variety
of conditions, efficiency can be improved. However, incre¬
mental pricing alone such as peak demand prices to reflect
the cost of production, may not produce sufficient revenue
to cover all the costs. This is because of the large
proportion of fixed costs associated with investments in
water utilities, so that if price is set equal to the
incremental cost, it will be less than the average cost
per unit.^ To make up for this, most facilities employ
two-part pricing systems, where the first part consists of
^Manual Gottlieb, "Urban Domestic Demand for Water;
A Kansas Case Study," Journal of Land Economics 39 (May
1963):205.
^National Water Commission, Water Policies for the
Future (Port Washington, New York: Water Information
Center, 1973), p. 235.
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a fixed charge to cover the revenue deficit and the second
part is based on the incremental cost of the service
provided.
Georgia Water Pricing Structure
Except for the level of rates, all of the water
systems in this study are similar with respect to the
type of ownership, operation, and pricing system.
Each county assesses a two-part charge consisting of a
fixed minimum up to a certain amount of water used and a
series of declining block rates for any amount over the
base amount.
In Georgia, most water utilities use a combination
of rate structures which basically consists of:
1) Congestion pricing - involves the use of a fixed
plus a variable use charge where the fixed charge
is dependent upon the size of the meter.
2) Maximum discrimination - is the most common form
employed by local utilities. It is a method
which charges what each user is willing to pay.
3) Block-rate pricing - exists in three forms;
a) declining block-rate, b) uniform block-rate,
and c) increasing block-rate.
Of the different types of rate structures in existence,
only two are expected to encourage water conservation and
^^Atlanta Regional Commission, Water Pricing and
Water Conservation; An Evaluation of Alternative Rate
Structures, Atlanta, Georgia, 1980, p. 21.
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achieve economic efficiency. These are peak demand and
increasing block-rate, however, only a few of the utilities
in this study seem to implement such a pricing system.
Not all counties in Georgia own or operate water
supply facilities, therefore, they have to purchase water
from neighboring counties. The price at which water is
purchased depends on the cost of the facility so that
counties which store excess water to accommodate others
charge a higher price to these customers.
Model Specification
The model in this study is based upon the theory of
consumer demand which states that the quantity demanded
is determined by the price of the good, prices of related
goods, income and taste. Based on these factors, the
following demand function is found to be representative
of residential water consumption in Georgia:
= f (P, I, V, A, W, R, H) (1)
where,
= The quantity of water demanded per household
in thousands of gallons per year;
P = The average price of water in dollars per
thousand gallons;
I = The mean income in dollars per household per
year;
V = Median value of housing units in dollars;
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A = The percent of the population within the
following age groups: a) under 5 years, b) 5
to 17 years, and c) 65 years and over;
W = Percent of population that is white;
R = Percent of population who reside in rural
areas; and
H = The percent of owner-occupied housing units,
is the dependent variable that will be determined
and explained by the model. The remaining variables I,
V, A, W, R, and H are independent variables which are
hypothesized to shift the demand function in the price-
quantity plane.
Price
The price of a consximer good is normally the most
important single factor affecting the quantity demanded
of the good. Residential water for Georgia is priced in
two-part: 1) a minimum bill which covers the use of a
specific amount of water per billing period; and 2) a
series of declining block rates which allows a specified
amount of water after the amount provided under the minimum
bill has been consumed. The average price is used in this
study because it reflects the general level and structure
of rates. Based on the theory developed, it is expected
that the sign of the coefficient will be negative. Other
things being equal, an increase in the price of water
should lead to a decrease in the quantity of water demanded.
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Income
The income of the consumer reflects his economic
status and is an important factor since an individual's
consumption is subject to a given budget constraint. It
reflects his ability to purchase water-using devices and
homes for which they were intended. Once these devices
have been purchased, little reduction in use in response
on higher water rates is expected. Also high income
families are less likely to be concerned with an increased
water bill than low income families. A priori, we should
expect that the sign of the coefficient would be positive
so that as income increases the quantity of water demanded
would increase. In other words, household income is
expected to be a significant determinant of residential
demand for water.
Value of Residence
The value of the residence depends on such things as
the number of bathrooms, the lot size, the presence of
swimming pools or garages, among other things. It is
expected that residences of higher value consume more
water than those of lower value and therefore the expected
sign of the coefficient would be positive. Other things
being equal, an increase in the value of the residence
would increase the quantity of water demanded.
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Aqe
The age of the consumers reflect not only the ability
to consume water but also the amount of water consumed.
This variable is categorized into three groups: under
five, five to seventeen, and sixty-five and over. It is
expected that residences with a larger portion of its
occupants under five consume more water than those with a
larger portion of its occupants within the five to seven¬
teen and sixty-five and over categories. The expected
signs of the coefficients would therefore be:
1) Under five years - positive;
2) Five to seventeen - negative; and
3) sixty-five and over - negative.
White
This variable reflects the percent of the population
that falls within the white race group. There is no a
priori assumption regarding the expected sign of this
variable. Thus, the expected sign of the coefficient is
indeterminant.
Rural
This variable reflects the percentage of population
that reside in the rural areas. Rural inhabitants tend to
be self-supplied, as opposed to urban dwellers who tend
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to rely on a public supply system. Residential water
consumption in these areas are basically for in-house use.
A priori the expected sign of the coefficient in negative.
Other things being equal, an increase in the percent of
rural population would lead to a decrease in the quantity
of water demanded.
Owner-Occupied Housing Units
Residences occupied by owners are expected to consume
less water as opposed to those occupied by renters.
Renter-occupied housing units, especially multi-family
units, where the costs of water is included in the rent,
tend to be less concerned about the amount of water they
consume, while those who own houses they occupy tend to
be concerned about the amount of water they use. A priori,
the expected sign of the coefficient, would be negative.
Other things being equal, an increase in the percent of
owner-occupied housing units would mean a decrease in the
quantity of water demanded.
Though theory suggests that a demand model should
include the prices of substitutes and complements as well
as the price of the good itself, water has no close
substitute.It is complementary to such durable
^^Foster and Beattie, "Urban Residential Demand for
Water," p. 47.
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goods as washing machines and non-durable goods as food.
The durable goods depreciate over a period of time and
once purchased, their prices do not affect the use of
water. In contrast to these, non-durable goods are
purchased frequently, therefore, in this model all cross
price effects are assumed negligible.
Estimating Model
This study proposed that residential water demand
of Georgia is affected by price and income, among other
independent variables. The estimating equations of the
demand model were formulated in its linear and log-linear
forms. The equation was estimated using ordinary regres¬
sion. The approach was a stepwise model where the seven
variables were determinined in order of the extent to
which the variation in annual residential water use was
explained.
In order to summarize the responsiveness of the quan¬
tity demanded to price and income, elasticity estimates
are made. These elasticity estimates are compared to
those of previous studies. The result will serve to
substantiate the hypothesis that price and income
influence the quantity of residential water demanded.
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Linear Model
An ideal starting point for analysis, and perhaps
the simplest functional form for a single demand equation
is a linear one. Such a linear demand equation for the
hypothesized model is:
Qd = a + + 3 2l + 33V + 34A + 35W + 3 6R +
37H + e (2)
where,
a = Represents the intercept; and
^1***^7 ~ Represents the vector of explicit para¬
meters.
E = The stochastic error term.
Log-Linear Model
Another commonly used functional form of the single
demand equation is the log-linear or constant elasticity
form. In this case, the demand equation is specified as
follows:
Qd = “1 (3)
Taking the logarithms leads to the log-linear representa¬
tion:
Qd “ “ 1 ^1 ® 2 +33 InV + 34 InA
+ 65 InW + 65 InR + 67 InH + e (4)
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In this model, the demand function is linear in the
natural logarithms of the variables since all of the
coefficients are in fact elasticities and are constant.
This model has been the most promising in the analysis
of residential water demand. It is considered adequate
for this study because of its simplicity in evaluating
elasticity.
Data Sources
In this study, data is based on the consumption
pattern of the household since essential uses such as
laundry and waste disposal vary with the size of the
household. These are cross-sectional data for all 159
counties of Georgia. Except for quantity, price, and
income, all other data are for the year 1980. Quantity
data are based on water deliveries figures for the year
1985 and were obtained from the United States Geological
Survey.Price data are based on water and sewer
revenue figures for the fiscal year 1984-85 and were
obtained from the County Government Finances.Data
S. Geological Survey, Domestic Freshwater Use
by County, 1985, Table 3.
^^U. S. Department of Commerce, County Goyernment
Finances 1984-85 (Washington, D. C.; Government Printing
Office, 1987), pp. 24-25. See also U. S. Department of
Commerce, State and Local Government Finances (Washington,
D. C.: Government Printing Office, 1987), p. 57.
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on income are for 1985 and were secured from the County
and City Data Book.^^ Data for yalue of residence and
percent of owner-occupied housing units were acquired
from the Georgia Descriptions in Data,while data for
age and percent of white population were obtained from
the Census of Population.Finally, data on rural
population were attained from the Georgia County Guide.
Data on quantity, price and income were calculated
using the following formulas:
g = water deliyeries in mqal/dav x 365 _ looo^ number of households^®
P = total revenue in dollars/year
water deliveries in mgal/year
I = per capita income/year x number of
persons/household^^
S. Department of Commerce, County and City Data
Book (Washington, D. C.: Government Printing Office, 1988),
pp. 85, 98 and 111.
^^Georgia Descriptions in Data (Athens, Georgia:
University of Georgia, 1982), pp. 70-77.
S. Department of Commerce, Census of Population
(Washington, D. C.: Government Printing Office, 1980),
pp. 89-117.
Douglas C. Bachtel, ed., The Georgia County Guide
(Athens, Georgia: University of Georgia, 1988), pp. 127-128.




The model developed in the previous chapter used
quantity of water demanded as a function of price, income,
value of residence, percent of white population, age,
percent of rural population and percent of owner-occupied
housing units. Ordinary least squares regression techni¬
ques were used to estimate the parameters of the model in
its linear and log-linear forms. The log-linear model
was a better representation. The linear results for the
three categories specified in the model are summarized in
Tables 4, 5 and 6. The estimates for the first age cate¬
gory were as follows with t-values in parentheses.
= 142.57 - 3.13 P** + 0.28 I + 0.19 V - 1.04
(4.006) (0.247) (0.304) (0.348)
- 0.29 W* - 0.75 R** + 0.02 H
(1.852) (6.418) (0.055) (5a)
r2 = .367 F = 12.52 N = 159
** Significant at .01 level




LINEAR REGRESSION RESULTS FOR RESIDENTIAL
















































































Source: Computed from data obtained from sources in this
study.
All of the coefficients, with the exception of age
(zero to five years) and the percent of owner-occupied
housing, had the expected signs. Price and the percent
of rural population were the only variables significant
at the .01 level. The variable for the percent of white
population was significant but only at the .05 level.
Estimates for the second age category was as follows
with t-values in parentheses:
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TABLE 5
LINEAR REGRESSION RESULTS FOR RESIDENTIAL






































































































































Source: Computed from data obtained from sources in this
study.
Qd = 148.62 - 3.14 P** + 0.38 I + 0.15 V - 0.80 A2
(4.02) (0.32) (0.24) (0.53)
- 0.30 W* - 0.74 R** + 0.07 H
(1.89) (6.44) (0.19) (5b)
r2 = .37 F = 12.56 N = 159
**Significant at the .01 level
*Significant at the .05 level
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TABLE 6
LINEAR REGRESSION RESULTS FOR RESIDENTIAL








































































































Source; Computed from data obtained from sources in this
study.
All of the coefficients except percent of owner-
occupied housing units have the expected signs. Price and
the percent of rural population were the only variables
significant at the .01 level. The variable for the percent
of white population was significant but again only at the
.05 level.
Estimates for the third age category was as follows
with t-values in parentheses;
-47-
= 156.98 - 3.10 P** - 0.16 I + 0.14 V - 1.30 A3
(3.99) (0.13) (0.22) (1.06)
0.29 W* - 0.73 R** + 0.06 H
(1.90) (6.34)




**Signifleant at the .01 level
*Signifleant at the .05 level
All of the coefficients, with the exception of Income
and the percent of owner-occupied housing units, had the
expected signs. Price and the percent of rural population
were the only variables significant at the .01 level,
while the percent of white population was significant
again only at the .05 level. Summaries of the matrix of
the correlation coefficients are presented In Tables 7, 8
and 9. Table 9 shows that Income was highly correlated
to age (for the portion of the population that fall within
the category of slxty-flve years and over). This may
partially explain why the signs on Income was not as
theorized.
Each equation explains 37 percent of the variation
In residential water use per household and Is highly signi¬
ficant as shown by the F-statlstlc. They also Indicate
that price Is a very significant factor In determining the
residential water consumption pattern. This Is Illustrated
TABLE 7

























































































































































































































































Source; Computed from data obtained from sources used in this study
TABLE 8

































































































































































































































Source: Computed from data obtained from sources used in this study.
TABLE 9














































































































































































































































Source Computed from data obtained from sources used in this study
-OS
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by the high level significance of the price variable.
Income, on the other hand, turns out to be insignificant
at any meaningful level.
The fitted form of the log-linear model for the first
age category was as follows:
lnQ(i = 2.98 - 0.23 InP** - 0.10 Inl + 0.40 InV
(5.84) (0.24) (1.45)
+0.42 InA^ - 0.23 InW - 0.41 InR** - 0.21 H
(1.18) (1.44) (5.85) (0.78) ... (6a)
r2 = .39 F = 13.79 N = 159
**Significant at the .01 level
*Significant at the .05 level
T-values are in parentheses.
Both price and rural population were significant at
the .01 level. Value and percent of white population were
significant at the .10 level, while income, age (under
five) and percent of owner-occupied housing units were not
significant at the .10 level.
The fitted form for the second age category was as
follows:
InQ^i = 3.50 - 0.23 InP** - 0.11 Inl + 0.38 InV +
(5.83) (0.27) (1.38)
0.19 lnA2 - 0.25 InW - 0.41 InR** - 0.20 InH
(0.35) (1.56) (5.94) (0.71)..(6b)
r2 = .39 F = 13.50 N = 159
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**Signifleant at the .01 level
*Signifleant at the .05 level
T-values are In parentheses.
Both prlee and pereent of rural population were slgnl-
fleant at the .01 level. The pereent of white population
and value were the only variables slgnlfleant at the .10
level, while Ineome, age (five to seventeen years) and
pereent of owner-oeeupled housing units were Inslgnlfleant
at the.10 level.
The fitted form of the third age eategory was as
follows:
InQ^ = 4.76 - 0.23 InP** - 0.40 Inl + 0.36 InV -
(5.93) (0.86) (1.33)
0.25 lnA3 - 0.28 InW* - 0.42 InR** +0.10 InH
(1.46) (1.78) (6.03) (0.30)..(6e)
r2 = .39 F = 13.96 N = 159
**Slgnlfleant at the .01 level
*Slgnlfleant at the .05 level
T-values are In parentheses
Both prlee and the pereent of rural population were
slgnlfleant at the .01 level. Value and age (slxty-flve
and older) were slgnlfleant at the .10 level, and white
population was slgnlfleant at .05 level. Again, Ineome
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and percent of owner-occupied housing units were insigni¬
ficant.
Equations 6a, 6b and 6c explain 39 percent of the
variation in water consumption among the counties, as
indicated by the of .39. This improvement from .37
of the linear model shows that the log-linear model
provides a better fit.
Price and income elasticities of residential demand
for water in Georgia were determined for both functional
forms and are summarized in Table 10. The elasticity of
the linear function is measured at the mean, while the
log-linear function expresses constant elasticity. The
constant elasticity respond to proportionate rather than
absolute price and/or income changes.
A comparison of these elasticities with those of
past studies (Table 3) reveals that the price estimates
are favorable, whereas, the income estimates are substan¬
tially lower. The price elasticity of demand for all
three age categories was -0.23. Like the estimate from
other studies, the demand for residential water consump¬
tion in Georgia appears to be inelastic. This indicate
that if there was a 1 percent change in the price of
water, consumption would change inversely by almost one-
fourth of 1 percent.
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TABLE 10
ESTIMATED PRICE AND INCOME ELASTICITIES
OF THE RESIDENTIAL DEMAND FOR WATER
Elasticity Linear Log-Linear
Price
Age 1(0-5 years) -.11 -.23
Age 2 (5 - 17 years) -.11 -.23
Age 3 (65 and older) -.11 -.23
Income
Age 1(0-5 years) .10 -.10
Age 2 (5 - 17 years) .13 -.11
Age 3 (65 and older) -.05 -.40
Source: Log-linear - computed from data used in this
study. Linear - calculated from data obtained
from computed results using the formula:
_ ^ P _ ^ I
^ - dP Q and ^ " dl Q
The income elasticity of demand varied for all three
categories and were not significantly different from zero
at the .10 level. These estimates are close to the 1977
study on rural residential water demand for Kentucky which
had an elasticity of -0.14. The disparity in the sign of
the coefficient can be attributed to the fact that aggre¬
gate rather than individual household income data were
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used. In this study, 70 percent of the population reside
in the rural areas (this was estimated to be a very signi¬
ficant factor in terms of water demand). Income elasticity
is low in these areas, indicating that these residents
react differently. They consume little water for non-
essential uses such as lawn watering, so that these
elasticity estimates basically reflect in-house demand
which are more elastic.
Because the sign of the coefficient in the preceding
model was not as expected, the elasticity estimate cannot
be used with much confidence. To improve its efficiency,
the model was estimated, with only price and income vari¬
ables in its log-linear form. The fitted equation using
ordinary least squares was;
InQ^ = 1.24 - 0.23 P** + 0.92 I**
(5.14) (3.15) (8)
r2 = .15 F = 13.96 N = 159
**Signifleant at .01 level
T-value are in parentheses
The coefficient of .92 has the expected sign and
provides a more efficient estimate. It indicated an
income elasticity that is near unity. Thus, a 1 percent
increase in income would generate a .92 percent increase
in quantity demanded. This elasticity estimate, though
-56-
more efficient, is no longer unbiased because of the
elimination of the other variables. However, it supports




This study proposed that pricing can be used in
conjunction with conservation policies, now in practice,
to solve the water supply problem of Georgia. Tradi¬
tionally, economics has been subordinate to engineering
and politics in terms of its role in water supply policies.
A theoretical model of residential demand for water
in Georgia was developed using price, income, value of
residence, percent of white population, age, percent of
rural residents, and percent of owner-occupied housing
units as independent variables and quantity of water
demanded as the dependent variable. The model was esti¬
mated using ordinary least squares regression in two
functional forms, linear and log-linear. The log-linear
function was found to be a better representation. Price
turned out to be very significant at the .01 level, how¬
ever, the percent of rural population and the percent of
white population also proved to be significant (rural
population was significant at the.01 level) in determining
water demand for Georgia.
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Conclusions and Policy Implications
The results of this study showed that resources are
optimally allocated when price is set equal to marginal
cost. This is achieved when the highest price in the
pricing structure is set equal to the long-run marginal
cost and is more acceptable since it allows consumers to
purchase a reasonable quantity at a low price. Under this
method, water utilities can sell small quantities to all
consumers at low prices and sell to those demanding more
at prices that reflect the cost of production.
In terms of reducing peak demands, the pricing
schedule would consist of three rates:
1) A commodity rate that is set low but one that
covers the cost of production;
2) A rate which vary with the short-run marginal
cost of supply and affects those who contribute
moderately to peak demand; and
3) A rate which vary with long-run marginal cost
and affects those who contribute substantially
to peak demand.
This type of pricing schedule can be used to curb both
daily and seasonal peaks without changing the block rate
structure. It will also enable water utilities to elimi¬
nate the cost of overinvestment.
Elasticity estimates are significant to water utili¬
ties interested in determining the effect of price or
income change on the quantity of water demanded. Inelastic
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price elasticities imply that consumers are unresponsive
to price changes. However, they are useful in determining
the effect of price change on water revenue. Hence, the
elasticity estimate results of this study show that an
increase in price would increase water revenue, since a
10 percent increase in the price of water would be expected
to reduce consumption by only 2.3 percent.
Based on the literature review and the analysis of
this study the following can be deduced;
1) The demand of residential water is a decreasing
function of price. As illustrated by the demand
function in Chapter III, it is downward sloping.
This theory was supported by the econometric
analysis presented in Chapter IV. Therefore, an
inverse change in the quantity of water demanded
can be expected as a result of a price change.
2) The analysis reveals that the elasticity of
demand with respect to price is in fact inelastic
and is supported by a comparison with past elasti¬
city estimates. This implies that consumers
respond to price differences when prices are
raised sufficiently to affect the monthly water
bill. These estimates would therefore be useful
to water utilities interested in determining the
impact of price change on water revenue. A price
increase in this case would not only increase
revenue, it would also reduce consumption and
curb the need for an expansion of facilities.
3) Residential consumers will not increase water use
when incomes increase. This could be attributed
to the fact that 70 percent of the population
reside in rural areas, where little water is
consumed for non-essential uses. The elasticity
estimate of this study, therefore, reflects in-
house water demand.
4) The study reveals that rural population and value
of residence are significant in determining the
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demand for residential water. An increase in
the percent of rural population would decrease
the quantity demanded, while an increase in the
value of the residence would increase the quantity
demanded.
5) The percent of white population was a significant
determinant of residential water demand. The sign
of the coefficient (negative) implies that an
increase in white population would result in a
decrease in water consxamption. This would be
attributed to the fact that people in this cate¬
gory tend to have a fewer number of persons per
household compared to those in other race cate¬
gories.
6) Even though marginal cost pricing is more
efficient, it is said to increase the burden on
the poor. As shown, when price does not cover
the cost of production, those who consume less
(in most cases the poor) subsidize those who
consume more. Where income distribution is the
objective, an alterr^ative approach such as adjust¬
ment in tax structure, may be more appropriate.
Another alternative may be rate adjustment by
zones since communities tend to develop in such
a manner that reflect differences in income and
hence abilities to pay.
Recommendations for Further Research
This study was undertaken with very limited data on
water consumption and pricing patterns. As a result, the
study had a limited scope. Therefore, the following
recommendations are made for providing more precise and
useful information in the future.
1) The identification and development of techniques
for collecting data on water prices through a
centralized agency. It would probably help if
all water utilities at the county, municipality
and district level would collect information on
the average water bill for different user classes
-el¬
and report these on a quarterly, semi-annual or
annual basis to a state government agency.
2) Comparative demand functions for different user
classes (industrial, commercial, and residential)
could be estimated for peak-season use to deter¬
mine whether consximption patterns for these user
classes differ.
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